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INTRODUCTION 
The rna jor purpose of this study was to test the Bi tte?-
lich method of f0rest sampling {Grosenbaugh, 1952) in the 
typical white pine area of Southern New Hampshire. Secondar,y 
purposes were to assess value of the combination Bitterlich-
Range finder method as repc:>rted by Lindsey, Barton and Miles 
(1958) and to give the author more experience in the field 
methods utilized in forest ecology. 
The study was done with support from the Caroline 
Fox Trust Fund for Forest Research, a private trust fund ad-
ministered by the New Hampshire Forestry and Recreation Com-
mission and supervised by Dr. Henry I. Baldwin, Research For-
ester. The Fox Forest, an area approximately 1432 acres of 
cutover wo<:>dland and overgrown pasture in the TGWn of Hills-
boro, New Hampshire, provided a suitable place for observation. 
It has been operated over the years as a producing woodlot and, 
as such, exhibited a size and age profile comparable to the 
typical privately-Qwned woodlot of this region under management. 
The elevation ranged from approximately 70@ to 1200 feet above 
mean sea level and the entire area was rather hilly. E. Lucy Braun 
included this region in the New England Section, Northern Appa-
lachian Highlands DiVision of the Hemlock, 'White Pine Northern 
Hardwoods. 
Hillsboro is located near the southern edge of the humid, 
continental, cool, summer climate of Trewartha (1943). The 
nearest United States weather station at Concord, New Hampshire, 
1. 
.. 
records a normal annual precipitation of 38.80 inches. A ten 
year record en~ng in 1942 at tRe Fox Forest shows a 45 inch 
average annual rainfall. 
The United States Forest Service forest regions map showing 
natural forest zones of New England (Marenus Westveld et al, 
1956) puts it in the Northern Hardwoods-Hemlock-White Pine zone. 
This corresponds to Braun 1s (1950) Northern Appalachian High-
lands Division and also to a much earlier study by Nichols (1935). 
The Resident Research Fprester reports the existence of 
11old growth" 'White pine and hemlock stands in the area prior 
te the 1938 hurricane (Baldwin, 1951). 
The project was started in mid-July and was completed 
in October 1960. The actual field work took two months and 
the computation required a little over a week with the aid 
of an Olivetti D-24 calculator. 
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In 1955 the Fox Forest staff laid out £ifty-two plots of one-
fifth ac~e each. At that time the trees in each plot were counted and 
their dbh recorded. Identification numbers were painted on them. The 
fifty-two plots were remeasured in 1960 by the Fox Forest st~ff. A 
stand table for this population is presented in Table 16 (Page 16). 
Basal area was here defined as the cross sectional area 
of tree stems at a height of 4 1/2 feet above the ground and 
is computed from the diameter at breast height (dbh) and exp~essed in 
square feet. 
Density was used in the ecological sense, as opposed to. the 
foresters definition, i.e. density is the number of trees per acre. 
Tree diameters were measured to 1/lOth inch and then put into 
four-inch size classes. The size classes started at 4-8 inches, then 
8-12, 12-16, etc. Basal ar~a (BA) was computed fDr each size class 
in each plot, the resulting data averaged, and the BA per acre, coefficient 
of variation (c.v.) and percent standard error (%sx) for each size class 
calculated. The c.v. is a measure of variability relative to the mean 
and is actually the relative standard deviation expressed as a percent. 
The %sx indicates that the result shown will be within a certain percent 
of the exact measurement (BA or ~ensity) two-thirds of the time, i.e., 
%s- = ~10.0 means that the result (average) is within 10% (+ or -} of X -
tha true measurement two-thirds of the time. The following table gives 
these figures for the four most important size classes, all species 
included, and £or the total of all size classes and species. 
BA/acre ( sq.ft.) 
c.v. in % 
%sx 
Table 1. BA for 52 l/5th Acre Plots 
4-8't 
26.50 
53.11 
7.54 
8-12" 
30.15 
71.29 
9.80 
12-16 11 
18.75 
101.86 
14.00 
16-20" 
10.70 
151.87 
2(!).90 
Total 
94.95 
39.10 
5.49 
The four most prevalent species in ~he forest were white 
pine (Pinus strobus), hemlock (Tsuga canadensis), red maple (Aeer 
rubrum), and red oak (Quercus·rubra). The BA/acre, C.V. and %sx 
were worked out and the total of the four species, all size classes 
included, were as follows: 
Table 2. BA for Four Most Prevalemt Species 
4. 
BA/acre (sq.ft.) 
c.v. in% 
WP 
29.40 
159.74 
22.19 
H 
18.10 
141.43 
19.61 
RM 
10.,50 
114.76 
1$.90 
RO Total 4 Spp. 
10.70 6S.70 
149.53 63.97 
%si 20.93 8.88 
Density for the l/.5th acre plots was obtained by dividing 
the total number of tre.es counted by the number of plots and multi-
p.ying by .5. 
. Table 3. Density for l/.5th Acre Plots by Size Class 
4-8" 8-12" 12-1611 16-20" 
No. stems per acre 
c.v. in% 
13$.10 55.30 17.60 .5.9.5 
.53.66 62.77 102.02 1.53.36 
Total 
216.7.5 
3.5.39 
4.91 %s-x 7.4.5 8.72 14.20 21.26 
Table 4. Density for l/.5th Acre Plots/Four 
Most Prevalent Species 
H lW1 WP' tw Total 4 Spp. 
No. stems per a: ere 
c.v. in% 
42.10 
182.76 
25.33 
40.30 40·.10 16·. 35 138. 85 
12.5.18 122.73 148.93 53.04 
%s-
x 
17.37 17.01 20.61 7.36 
Since the author was particularly interested in the re-
sults of sampling in the white pine forest type, those plots 
in which white_ pine comprised .56% or more of the total were 
separated from the rest. This was accomplished by referring 
to the type classification maps of the areas Where the plots 
occurred in the Fox Forest records. Sixteen of the 1/5th 
acre plots were f'ound to lie within an area mapped as pre-
dominantly white pine. 
It was thought that this stratification would reduce the 
variation among plats and by presenting a more homogeneous 
papulation, provide for better comparison with subsequent sampling 
procedures. 
5. 
Table 17 (page 17) presents the stand as represented by the 16 
plots classified as white pine. 
SAMPLING ~THODS 
The Variable Radius Method 
The Bitterlich Variable Radius (VR) Method for plotless 
cruising is a technique by which basal area is determined through the 
sampling of' a number of' randomly located points throughout an area 
(Grosenbaugh, 1952, 1952a). A number of instruments maybe used, 
butin this instande a wedge prism having a basal area factor of 
10 (Bruce, 1955) was used for the sake of cenvenience. Trees to be 
tallied were determined by using the prism and were recorded on the 
field sheets by 4-inch size classes. This made for ease of' visual 
estimation of diameter. The prism was mounted in Plexiglas and 
attached to a steel notebook by a swivel arrangement. This allowed 
for automatic slope correction and made it possible to hold the 
notebook a set distance from the eye, loak through the prism, and 
tally the trees without having to shift equipment from hand to hand 
(Gould, 1957). The diameter of the tree to be tallied was estimated 
from the point, and, occasion-
ally, the e~timates were checked with a diameter tape or tree 
calipers in order te maintain the operator's accuracy. Basal 
area per acre of any species or any size class or any combina-
tion of the two could be easily computed from the data on the 
tally sheets by adding the total of individuals within any of 
the above categories, dividing by the number of points taken 
and multiplying by 10. 
Rangefinder for Density 
However, density computations are far more complicated 
6. 
and are not believed to be as accur~te as BA when using the same 
number of points. Lindsey (1956) recommends a 6-inch base rangefinder 
for determining the boundaries of a 1/lOth acre circle and then count-
ing the number of stems inside that circle. This method was claimed 
to yield reliable density figures (in mature woods) (Lindsey, 1956). 
The Combined Methods 
The full Bitterlich Method and the 1/lOth acre ~nge­
finder Method were calculated separately for both basal area 
and density figures in order to compare the results with those 
of the combined method. The Combined Methods utilized the 
prism for BA determinations and the rangefinder solely for 
density of 1/lOth acre plots from the same random point. 
l'ftJT !JJ? 
SPcct~s 
PIJ 
l!e 
RS 
To TilL 
Ftr.. 1. copy or tally •heat u•ed to rtcord 
tree epecre• aQd el~e claea. Speciea ay~bola refer 
tO COn&Oft "*Mea; ftO, Red Oak; ruM, Red ~apla ; P&, 
Paper Dircb; H, He~locki Be, Deeeh; RS, Red Spruce. 
?. 
RESULTS OF SAMPLIID 
The Bitterlich Method. In the Bitterlich or VR sample, 
the tree diameters were visually estimated and grouped into 
4-inch size classes on the tally sheets by species. Since 
• the data from all methods were logged in an identical manner, 
they yielded comparableparameters. The BA and density for 
the VR Method were as follows: 
The Variable Radius Method 
Table !2. BAby Size·class 
4-8t1 8-12 11 12-1611 16-20" Total 
BA/acre (sq.ft.) 26.50 34.81 14.61 10.58 91.35 
c.v. in% 84.79 80.45 104.79 82.26 42.98 
%s-X 11.72 11.09 14.52 11.51 5.97 
Table 6. BA. by Species 
WP H RM RO Total 4 Spp 
BA/acre (sq.ft.) 27.30 20.40 1G.60 ?.50 65.77 
c.v. in % 190.84 176.76 144.34 197.33 71.88 
%s- 26.41 24.51 19.81 27.33 9.97 
X 
Density data derived from the VR samples. No c.v. or 
%s- are given in this case since the density is computed from 
X 
the BA f.igures • 
Table 7. "Density by Size Class 
4-8n 
No. stems per acre 135.o6 
8-12" 
63.87 
1~-16" 
13.68 
Table 8. Density by Species 
WP 
No. stems per acre 47.13 
H 
50.83 
RM 
38.48 
16-20" Total 
$.99 220.23 
RO 
8.99 
Total 4 Spp. 
145.43 
8. 
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In the 1/lOth acre rangefinder method, the tree dia-
a meters were estimated visually and the boundaries of the plot 
were determined with a 6-inch base rangefinder. The diameters 
were grouped into 4-inch size classes starting with 4-8". 
The resulting information was treated statistically in a manner 
identical with that obtained from the l/5th acres and yielded 
the following figures. 
1/lOth Acre Rangefinder Plots 
Table 9. BA by Size Class 
4-8" 8-12" 12-1611 16-2on '!'otal 
BA/acre (sq.ft.) 32.70 37.10 19.50 13.90 114.40 
c.v. in% 59.32 72.23 102.05 128.77 37.40 
%s-X 8.10 10.10 14.51 17.91 5.17 
IDable 10. BA. by Species 
WP H RM RO Total 4 Spp. 
BA/acre (sq.ft.) 34.55 22.76 14.28 ll.03 82.62 
c.v. in % 168.78 147.36 112.58 163.63 64.65 
%s- 23.32 30.43 15.66 22.72 8.89 
X 
Tab~-n. Density by S~ e Cl.~ss 
~ 
4-8 11 8-12 11 12-16" 16-20" Total 
No. stems per acre 166.30 68.10 18.30 7.90 264.40 
c.v. in% 60.85 72.17 101.97 128.48 43.76 
%s-
X 
8.h4 9.96 14.10 17.90 6.06 
Table 12. Density by Species 
WP H BM RO Tatal 4 Spp. 
No. sterna per acre 54.42 52.31 51.92 16.73 17.S.38 
c.v. in % 192.28 141.51 122.39 197.30 60.43 
'/os- 26.65 19.60 17.01 27.43 8.38 
X 
... __ ··- ............. ~ .... ...._ _,.,__ -.. - ,_,., 
Combined Eitterlich-Rangefinder (1/lOth acre) Method. The 
tables for this method show the BA and density only, since 
the C.V. and %s- are shown in the tables under the individual 
.' X 
Bitterlich and 1/lOth acre methods respectively. 
Table 13. BA by Size Clas~ Combined Method 
4-8 11 8-1211 12-16" 16-2011 
BA/acre (sq.ft.) 26.50 34.81 14.61 10.58 
(Bitterlich) 
No. st~ns per acre 166.30 68.10 18.30 7.90 
(Rangefinder) 
Table 14. Full Bitterlich BA by Species 
' 
WP H :RM RO 
BA/acre (sq.ft.) 27.30 20.40 10.60 7.50 
(Bitterlieh) 
No. stems per acre 54.42 52.31 51.92 16.73 
In conjunction with the main study, a survey was made 
of 16 areas within the forest which were typed as white pine. 
The information on BA was taken from the 16 l/5th acre plots, 
1/lOth acre pl0ts and VR points respectively for white pine 
alone and also for the total of all species, and all size classes. 
The number of extra samples required for the Bitterlich 
Method was found by taking the coefficient of variation for 
the first 16 samples and. then consulting a table in the back 
of "Shortcuts for Cruisers and Scalers" (Grosenbaugh, 1952a) 
to find the number of samples necessary to obtain a percent 
standard error of ! 10%. The total number required was found 
to be 64, which, subtracting the or..:iginal 16, left an addi-
10 • 
Total 
~1.35 
264.40 
Total 4 Spp. 
65.77 
175.38 
r:::I, ... 0' 
11. 
tional 48 to be done. Theie were then taken in the field and the 
results shown in Table 15. 
Table 12. C0mparison of Plots and Points. 
16 l/5th 16 1/lOth 16 VR pts. 64 VR pts. 
acre plots acre plots 
'WP Total WP Total WP Total WP Total 
BA/acre 78.30 103.20 97.32 125.81 79.38 99.38 80.31 98.lt4 
c.v. in% 74.33 48.76 74.19 50.06 81.97 53.57 62.76 47.44 
%s-
X 
18 .• 58 12.19 18.55 12.52 20.50 13.39 
Figures 2 and 3 are graphs showing the comparison of the 
main results of the study. The inf0rmation contained in them 
may be checked in more detail by referring to the tables in 
the preceding section. 
It will be noticed in Figure 2 that the BA obtained from 
the 1/lOth acre plots is almost 20 sq.ft. per acre higher than 
that of the control, i.e., the l/5th acre plots, but that the 
7.87 
BA estimated from the VR points approximates that of the control quite 
clb.sely, varying by only 3.6 sq.ft. 
In Figure 3 which illustrates density (per acre) there is a 
difference of 47.65 trees per acre between the 1/lOth acre plots 
5.93 
and the control, but a difference of 0nly 3.48 trees per acre between the 
VR points and the control. 
P"'.a. 2 . Orapb co•parint 
6A t<r all .spceiee, all 
1ize olaaaea aa obta1n•d 
trom the thre• different 
saaplhc n_eti'.OOa. 'fbi 
he1&~t or the bara 1nd1c-
atea the avera&e nuaber of 
aquart toet ot lte• per 
acr.. 
• 
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Fig. ). Graph comparing 
dcnelt1 tor all eree1e1, aLl 
eLse elae~ea. !he heigh' or 
the bua 1n41eatea thl aYera.gc 
nUAber ot atona par acre. 
DISCUSSION 
From a comparison of the results of the three different 
types of survey, it appears that the BA figures for the l/5th 
acre plots and the VR points coincide almost exactly, but the re-
sults of the 1/lOth acre plots are substantially higher in 
every instance. The same situation exists with regard to the 
density estimates, and also in the stratified white pine 
sample. This is due to the type of woodland found in this 
part of the country, i.e., stands of mixed ages having a eon-
siderable amount o£ underbrush and young trees which frequent-
ly make it difficult for the operator to distinguish the bounds 
of the 1/lOth acre plot through the small aperture of the range-
finder. The rangefinder itself does not allow for precise 
measurement at the distance required for a 1/lOth acre circle 
because the calibrations on the dial are so close together 
above 25 feet. Lighting conditions also affect the operator's 
ability to make fine distinctions at the required distance. 
All of which leads to a situation in which the operator must 
make many decisions regarding borderline trees, that is, 
whether to tally a tree or not, is it in or out? This, in 
turn, causes the operator's bias (to count or not to count) 
to show up in the BA and density estimates, but does not appar-
ently affect the percent standard error of the conclusions. 
Hence, it would be well recommended to abstain from the use 
of the range finder in the New England forest types entirely or 
decrease the area of plots to increase accuracy of instruments. 
The operator's bias (if he has one) does not seem to 
affect the efficient operation of the Bitterlich VR Method. 
13. 
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This is said advisedly, because both the 1/lOth acre plots and 
the VR points were done at the same time by the same operator, 
therefore, if both methods were equally susceptible to bias, 
it would show up in both sets of figures to approximately the 
same degree and in the same direction, that is, above or below 
the standards derived from the 1/5th acre plots (the control 
population). Another point in favor of the VR Method is that 
there are ~~actically no decisions to make, the image through 
and above the prism is usually clearcut except in extremely 
dense underbrush. BA is a simple matter to compute with the VR method. 
However, the density computations are cumbersome and time-consuming 
which is probaThly part of the reason for ~ndsey1 s use of the range-
finder. The information suggests that the rangefinder-measured 
1/lOth acres might be useful for obtaining both BA and density 
in open, mature woods where the boundaries of the plot could be 
located with more accuracy. 
For accuracr.y, the VR method compares very favorably 
with the carefully laid out and measured l/5th acre plots 
The great advantage of this method is the considerable saving 
of time in the field requiring an average of six minutes per 
plot. 
Although this study was done by one person, it is pre-
ferable to have two men; one to use the prism and tally while 
the other check measures tree diameters with either tape or calipers 
and checks identifications. 
For anyone planning to utilize this method of rapid 
sampling, the author highly recommends Gould's (1957) arrangement 
for mounting the prism on the notebook since it elimin-
ates juggling of equipment while working and it allows the 
operator to carry all his equipment in his pockets while 
traveling from point to point, thus leaving both hands free. 
Regarding the stratified white pine sample, although 
the addition of 48 more points did much to lower the percent 
standard error, the results in terms of BA was not, in this case, 
noticeably different from those obtained from the original 16 
plots and points. 
15. 
Table 16 
Population Stand Table based on 
fifty two I/5 acre plots. 
Total area: 10.4 acres 
Tc, Tsuga canadensis Carr.; 
Ps, Pinus strobus L.; Ar, Acer rubrumJL.j 
Bp, Betula papyrifera Marsh; 
Qr, Quercus rubra L.; As, Acer saccharum, Marsh; · 
Fg, Fagus grandifolia Ehrh; Pr, Picea rubens iarg.; 
Fa, Fraxinus americana L.; Blu, Betula lutea, Miehx; 
Ble, Betula lenta L; Ab Abies balsamea miH; 
Bpo, Betula populifolia Marsh.; Pd, Populus delfoides Marsh.; 
OV, Ostrya virginiana Koch.; 
Ur., Ulmus rubra Muhl; Ta, Tilia americana L.; 
Pri, Pinus resinosa Ait.; Qa, Quercus alba L.; 
Pse, Pinus sylvestris L.; 
Jc, Juglans cinereaL.; 
Grays Ma~ual of Botany, M.L. Fernald, eighth emition, 1950 
15A 
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OlAMETER SIZE C~ASS 
MIDPOINTS 
6" lo' 14. IS 2i' 26' 30' 
Tc 241 132 39 II I 0 0 
Ps 153 145 75 2 7 10 I 3 
Ar 322 61 7 2 0 0 0 
s 8p 109 54 7 0 0 0 0 p 
E <X 67 57 30 II 4 I 0 
c As 113 19 2 2 3 2 0 
I Fg 97 19 G 2 2 0 0 
E Pr 87 17 I I 0 0 0 s 
Fo 44 17 3 0 0 0 0 
s 8lu 25 17 2 0 0 0 0 
y Sit 23 II 2 0 0 0 0 
M Ab 23 II I 0 0 0 0 
B 8po 23 0 0 0 0 0 0 0 
~ Pd 21 0 0 0 0 0 0 
s Ov 14 G 0 0 0 0 0 
Ur 6 0 0 0 0 0 0 
To 4 2 0 0 0 0 0 
Pr I 2 0 I 0 0 0 
Oo I 2 0 0 0 0 0 
Pse 3 0 0 0 0 0 0 
'-
Jc I 0 0 0 0 0 0 
16A 
Table 17 
'White Pine Stand Table. Sixteen 1/5 acre plots mapped as 
White Pine TYPe. Total area 3.2 acres. (see page 15A for species 
symbols) 
17. 
DIAMETER SIZE CL ASS 
MIDPOINTS 
6 .. 10. 14' 18' 22" 26 .. 3d' 
Ps 140 145 68 22 8 I I 
Ar 103 16 2 I 0 0 0 
Fo 16 7 I 0 0 0 0 
s Or 13 6 3 0 0 0 0 p 
E As 13 3 0 0 I 0 0 
c Bp 12 4 0 0 0 0 0 I 
E Bpo 14 0 0 0 0 0 0 
s Tc 8 4 0 0 0 0 0 
Pd 10 0 0 0 0 0 0 
s Blu 2 3 0 0 0 0 0 y 
M Pri I 2 0 I 0 0 0 
B Ur 2 0 0 0 0 0 0 0 Or 2 0 0 0 0 0 0 L 
s Pr I· 0 I 0 0 0 0 
Qa I I 0 0 0 0 0 
P>e 2 0 0 0 0 0 0 
Jc I 0 0 0 0 0 0 
Elle I 0 0 0 0 0 0 
FQ I 0 0 0 0 0 0 
fable 17. White rtnA •tand ta~l •. 
18. 
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SUMURY 
In the Summer of 1960, a study was undertaken at the 
Fox Forest in New Hampshire. The purpose of the study was to 
determine the efficiency of the combined Bitterlich-Rangefinder 
method in the white 'pine forest type of New England. Three 
methods were employed, the Bitterlich, 1/lOth acre plots sur-
veyed with a rangefinder, and the combination of the two for 
estimating both basal area and density. The results of these 
sampling methods were then compared with a standard which was 
the data obtained f~~m 52 l/5th acre permanent plots (the 
centers of which were also used for the centers of. the other 
plots and points). 
Difficulties were encountered in the use of the range-
finder in this type of woodland due to the heavy undergrowth 
and lighting condit2uns which had a marked effect on the para-
meters obtained from the 1/lOth acre plats. It was assumed 
that the operatar1s bias toward counting borderline trees 
caused the figures to come out considerably higher than th~ 
of the control. This indicated that the use of 
the rangefinder in this area would be impractical in most 
cases, thus negating the value of not only the 1/lOth acre plots~ 
but also the density ~ea$~~ments o£ the combimed method 
if': which are derived from these plots. 
The full Bitterlich, however cumbersome the density 
computations maybe, proved to be the most efficient method 
.... in this case. The parameters obtained closely approximated 
those of the control and appeared to be unbiase~, also field 
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time was considerably shortened. 
A smaller study was also performed at this time in 
order to observe the effect of the ad~ition of 48 extra 
random points to 16 plots in white pine areas. The extra 
points served to reduce the percent standard error consid-
erab!y, but made little difference in the basal area figures 
themselves, which were almost identical with those of the or-
iginal 16 Bitterlich points and l/5th· acre control plots. 
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